The precise regulation of fluid and energy homeostasis is essential for survival. It is well appreciated that ingestive behaviors are tightly regulated by both peripheral sensory inputs and central appetite signals. With recent neurogenetic technologies, considerable progress has been made in our understanding of basic taste qualities, the molecular and/or cellular basis of taste sensing, and the central circuits for thirst and hunger. In this review, we first highlight the functional similarities and differences between mammalian and invertebrate taste processing. We then discuss how central thirst and hunger signals interact with peripheral sensory signals to regulate ingestive behaviors. We finally indicate some of the directions for future research.
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Sensing Internal and External Nutrient Factors
Animals continuously lose water and energy by various physiological processes, such as sweating, urination, and basal metabolic activity [1] [2] [3] . To compensate for such losses, animals must ingest sufficient water and food from external sources at appropriate times [1, 4] . The maintenance of this in-and-out balance represents a key homeostatic function for survival in all organisms. After several decades of studies, it is now evident that this homeostatic regulation is finely controlled at the entire organism level, including the peripheral sensory system, brain appetite circuits, the autonomic nervous system, and the endocrine system (Box 1) [4] [5] [6] [7] . Clarifying the interactions between each of the regulatory systems remains an active research area.
The initiation of consummatory behaviors relies heavily on two major sensory mechanisms, that is, peripheral taste system [6, 8] , and central interoceptive system [4] . In this review, we describe recent progress in peripheral and central nutrient-sensing mechanisms, focusing on functional similarities between invertebrate and vertebrate systems. We also discuss potential mechanisms by which central appetite circuits modulate sensory valence.
Vertebrate and Invertebrate Taste Systems: Functional Similarities and Dissimilarities
Sweet, Umami, and Bitter: Taste Qualities Hardwired to Attractive and Aversive Behaviors Sweet and umami tastes are associated with sugars and L-amino acids, respectively, both of which are palatable taste qualities for animals. Conversely, the aversive bitter taste is generally evoked by toxic chemicals that are hazardous to animals [6, 8] . The receptors, cells, and signaling cascades for these three taste qualities have been well studied (for the relevant receptors of these and the other taste qualities, see Figure 1 ).
In vertebrates, sweet and umami compounds are sensed by specific sets of G-protein-coupled receptors (GPCRs), called T1Rs (see Glossary) [9] [10] [11] [12] [13] . A combination of T1R2 and T1R3 subunits detects sugars, whereas T1R1 and T1R3 subunits function as the receptor for
